Nowadays, usage of vehicles increases due to modern lifestyles, and many people are exposed to vibrations in vehicles. Vibrations in low frequency range cause some serious long-term diseases in both aspects physically and psychologically. Vibration model helps researchers to have better interpretation of vibrations transmitting to human organs. Lumped models are very popular in this field, and different types of models with various degrees of freedom have been introduced. The main disadvantage of lumped models is that due to its fixed weight, some modifications need to be made to new subjects. Therefore, a new biodynamic model with artificial neural network method was constructed to simulate transmitted vibration to head for seated human body by conducting indoor vertical vibration experiments. Five healthy males participated in the tests. They were subjected to vertical vibration, and their responses were recorded. A neural network model was trained by input-output accelerations. The developed model was able to predict head acceleration from exciting vibration at the pelvic. In addition, weight and height of human body were considered as input factors. The comparison between the model evaluation results and the experimental and other lumped models affirmed high accuracy of the achieved artificial neural network biodynamic model.
INTRODUCTION
The understanding on how vibrations transmit to human body is very interesting for researchers hence it is necessary to design vehicle suspension, especially for heavyduty vehicles. This issue is also important in physiological and psychological aspects. On the other hand, head is an important part of human body in which vibrations can affect the performance of vision ability and sense of long-term comfort ability. The transmitted vibration, from the entry point (pelvic) to the measured point (head) changes due to the effect of other human parts such as internal tissues, lower torso, viscera, upper torso, and neck. This complex behaviour comes from live tissue properties because human body is a combination of solid and fluid, so this mechanical behaviour is close to rheological materials. Thus, vibration transmissibility can show valuable information in the biodynamic system similar to non destructive test in engineering materials. Discomfort and reaction to shocks can be studied by vibration transmissibility. Seat to head vibration transmissibility (STHT) with other biodynamical functions such as mechanical impedance, apparent mass, and seat to spine vibration transmissibility are able to give better and complete information to researchers.
Some factors have influenced on STHT, and several researchers such as Paddan and Griffin (1998) , Hinz et al. (2001) , and Wang et al. (2008) had focused on these factors. In the study carried out by Paddan and Griffin (2000) , results showed that STHT increased from 2Hz to 3Hz by changing the position of human sitting postures from back on to back in posture. In addition, there was no diversity between STHT with closed eyes or open eyes. In another research, the effects of posture by having one's back rest at a seat on STHT were studied by Hinz et al. (2001) . They found that at low frequency, STHT has higher value in relax posture than in erect posture.
The relationship between apparent mass and STHT was investigated by Wang et al. (2008) . Besides, the influence of hand posture in STHT and apparent mass were being tested. The two hands postures, one on a steering wheel and the other on a lap were considered. At first resonance frequency, both of those biodynamical functions showed good agreement in two types of postures; vertical back rest and inclined position. However, at the secondary resonance, the differences between two functions became high for all kinds of postures. Nevertheless, STHT function is a little more sensitive than apparent mass in responding to the hand positions.
Biodynamic models have been created to represent human body responses to vibration. These models are then grouped to lumped models, multi body dynamic models, and finite element models.
Lumped models consist of sprung masses, dampers and springs. The degrees of freedom (DOF) depend on the number of rigid masses. The earliest researcher who established lumped model with single degree of freedom (1 DOF) was Coermann (1962) . Muksian and Nash (1976) represented a 2 DOF lumped model which can show the response of head and body to the vertical vibration separately. Other 2 DOF models were revealed by Allen (1978) and Wei and Griffin (1998) . Upper torso and lower torso, in addition to head, were added to lumped model with 3 DOF by Suggs et al. (1969) . This model was employed by Cho and Yoon (2001) to study on the vehicle comfortably.
In addition, three various 4 DOF were released by Wan and Schimmels (1995) , Boileau and Rakheja (1998) and Liu et al. (1998) . The first two models were linear, but the last one was nonlinear, and in contrasts of those models, viscera were added to the models. Other lumped models with higher degree of freedom were introduced by Muskian and Nash (1974) with 6 DOF and Patil et al. (1977) with 7 DOF. Many parts of human body were considered in their new models such as abdomen, diaphragm, thorax, and torso besides pelvis, head, and back.
Cho-Chung Liang and Chi-Feng Chiang (2006) conducted a study on various lumped models to evaluate them to the real vertical vibration. The experimental results had good agreement with Wan-Schimmels 4 DOF in spite of its simplicity.
In recent years, researchers were eager to use new mathematical models to simulate engineering problems especially artificial intelligent methods such as artificial neural network (ANN), fuzzy logic, genetic algorithm, etc. These methods are flexible and proper to optimisation problems. ANN modelling has good potential to predict human body behaviour after training with some sets of inputoutput pairs. Gohari et al. (2011) established a new ANN biodynamic model based on Wei and Griffin (1998) lumped model which can predict body and head response acceleration signal from the input signal. The accuracy of output signals were over 95%, which made it appropriate to use for other engineering purposes like in seat suspension design or adaptive active seat suspension control. In another study, Gohari et al. (2012) found out bus seat suspension properties (mass, spring and damper constant) for pregnant women based on ANN optimising method.
Based on previous studies with some limitation of lumped models, it seems essential to have ANN biodynamic model. In this paper, a novel biodynamic ANN model was introduced to predict head acceleration from pelvis acceleration based on experimental method.
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METHODOLOGY 2.1. Dynamic Indoor Tests
This biodynamic model as depicted in Fig.1 was established based on the idea that human body is like a system in which pelvis as input interface and head as output when the body is subjected to vertical excitation. ANN model requires some examples for learning. In other words, ANN can learn the relationship between outputs and inputs and extract this interconnection. To achieve this, a tensile test machine was used to produce harmonic motion on human body. The apparatus shown in Fig. 2 has a plate attached to the beam on which human subjects sit and exposed to the whole body vibration. Five healthy males were exposed to vertical harmonic excitation from 1 Hz frequency to 14 Hz with 5 mm amplitude.
In Table 1 , human subjects' weight and height are listed. An accelerometer was attached on human head subjects, and another one was installed on the sitting plate to gather input and output signals according to ISO 2631/1 standard. Bruel and Kjaer (B&K) low frequency accelerometer (50Hz) was chosen to measure the acceleration. Furthermore, a B&K data logger was used for signal conditioning and noise filtering. The data logger was set to a sample rate at 0.001 Hz. In Fig. 3 , a sample of recorded data is shown. In this biodynamic model, head acceleration (a Head ) was considered as a transfer function of pelvis acceleration, body weight and height (W, H). In mathematical expression it can be stated as below:
(1) By this strategy, an ANN model was trained by examples which were finally achieved to dynamic experimental results.
Artificial Neural Network Architecture
In the input layer of ANN model, 82 nodes were allocated; 2 nodes were for height and weight, and 80 nodes were considered for pelvis acceleration. In the output layer, 80 nodes were dedicated to have continuous head acceleration for 10 seconds at 0.125s interval. Therefore, by this method, continuous signal was broken down to discrete points, and it was proper to enter in neural network. The schematic picture of ANN architecture is illustrated in Fig. 4 .
The number of hidden layer was achieved by trial and error. It means that hidden layer was increased to get highest R value between ANN output and target. Feed forward with back propagation (FFBP) and cascade feed forward back propagation (CFBP) networks were used for this modelling. Different threshold function, training function, adaptation learning function and transfer function were executed in ANN model to find the best architecture. 
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RESULTS AND DISCUSSION
After the training and adaptation of neural network with various characteristics, a network with 7 hidden layers and 12 neurons in first layer showed the best correlation ratio. Moreover, LEARNGD (Gradient descent weight/bias learning function) and TANSIG (Hyperbolic tangent sigmoid transfer function) were selected in final model architecture as learning function and transfer function. The regression ratios in training, validation, test, and overall are depicted in Fig.  5 . Those are over 99 %, and in overall R-Value are 99.3%. This shows that the accuracy of the model is in the acceptable range. In evaluation step, the input acceleration signals of 5 human subjects were entered in the achieved ANN model to simulate their output. The comparison between actual head acceleration values and acceleration predicted by ANN model in the time domain are demonstrated in Fig. 6 to Fig. 10 . The linear regression between actual values and predicted head acceleration by ANN model had average correlations' ratios over 0.9424 as depicted in Fig. 11 . Figure 11 . The relationship between predicted head acceleration and actual head acceleration for five subjects in time domain
Furthermore, for better evaluation, the root mean square (RMS) error between actual values and predicted ANN values was measured by the following equation:
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(2)
The results of calculated RMS error for five samples are shown in Table 3 . Besides, the time acceleration signals were converted to the frequency domain by Fast Fourier Transformation (FFT) and comparison were made. A Novel Artificial Neural Network Biodynamic Model for Prediction Seated Human Body Head Acceleration in Vertical Direction
CONCLUSION
In this study, due to some limitation of lumped models for predicting human body vibration response, the ANN model was established. The novel biodynamic ANN model can predict head acceleration from pelvic entered acceleration with high accuracy. In addition, weight and height of the seated human body were considered as important input factors which were not in previous lumped models. The properties of the proposed model are appropriate to use in seat suspension optimisation, and active seat suspension control system such as adaptive control or model based control systems.
